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EXHIBIT A 

MS 2431 

aattcgataattcaaaatgatatttcagtggggacaaggccaaaccatattatgtgc 

tttatgctactaataaaaaggttaaaccgaacaagttcaaagacaaaactcagtagt 

actttattcagacaggttagtctaaatctgttaaccttatacttgcaactctgatca 

ttcattaattctgcaaattttaataaatgctttattttaagctaaatgctgagatga 

aaaaatgaaaccatatgagttagcaaagtagaaaatataggcatattaatcagtaaa 

tocagaatgataaatgctccatcaatatgcacttgttgtagtgaggccaccgaggag 

ggtgeaatcctctcaacctgggaggagcaggtaggacttcagatgtcatccaactca' 

aasratatagtgagggacttgatcaaacatttgccaagaccactatgagttaaatgaa 

tagattaggcatttctccaatgttgcaagcttcgaatcatatccaaactcagaaeaa 

catagcttggtcataatgatcccaaggatcctattggccattgtctttgagcctcaa 

aggaacatattaaaactccataatacccttttgatctattctgaagttaagtagtga 

atttacatgatgatgacacaaacactgtaaaggacctctgggttacttgtttataag 

ctagtatttcctgaatcaatttttctgatccctagatatttggtaggtgaagtcata 

cctatatatccccacaccctagaacagcatctccaacttttttttccctccttgtct 

tttagtgggagecacatcagtatccaaggaggagatccagaagcctctccaaccagg 

tagggacagttatagattccagacctcagctatggcctttgttacagagtaeaaatg 

ttatatagtacaagtttattgtacacatcccattgagtctctgagctttagaatttt 

cttgtagaatttaacagttttttcatgccgtatttacatattattgctagtatttag 

aattttcttctccaaatgtataacgtttattattgcattttttgtatccactaagtg 

gaaaatcatgcattagatattgtagaagtagatacaacaatgaacaagaactggtcc 

tgaccatgagaggaactgatgatccaatgggggagatagacctgcacgtgtttaata. 

aaaggaagtggctattccggtttctttttgatgggcaagcattttgcaaggccttgg 

gctatgtgtgtgcaaggctaagccagttagttaattgggatttttttaaaaaggcac 

ttcactggggggaaaaggaacatagagttggttattgtccccttgcctataataaaa 

acctattatttttaattttttaactgggttfcgcggttaaatctcacagcccaagaga- 

tttgccacttcagatggattccatacacttgcatttaagtatgcaaaaaaattccaa 

ttatccagcaatttaaccaaattattggtaacttttctaaaacaaaaaaaaattgtt. 

tcccttgttttggcagcaatttcagttacagtcctttactttctactcaagaaaata' 

gtttcaaaaagttgatgtttgttgctaaaagaactatttttatgaataaatataaaa 

ctaagaagttatggtgtcccttttttaaaaaatgactcatcaaaagaaataactttt 

tcctttctcttgtaagagaaaaaaattaatctcttttagaattgcaaacatatttcc 

ttgatggagaaaatcaattcaeatggcatagtcgttatttatccagttcaaaaacca 

gagtagaatttactactctgtctccattttttctctccccacccccttaacccacat 

tggattcagaaagcttcattctgcaatcagcattgtcctttatctttccagtaaaga 

tagccttttggagtcgaagatgaggaaaagcctgtattttatagtcttggaagtgtc 

ttcttttgccaggacagagagaggagcttcagcagtgagagcaactgaaggggttaa 

tagtggaacttggctgggtgtctgttaaacttttttccctggctctgecctgggttt 

ccccttgaagggatttccctccgcctctgcaacaagaccctttataaagcacagact 

ttctatttcactccgcggtatctgcatcgggcctcaetggcttcaggagctgaatac 

cctcccaggcacacacaggtgggacacaaataagggttttggaaccactattttctc 

atcacgacagcaaettaaaatgcctgggaagatggtcgtgatccttggagcctcaaa 

tatactttggataatgtttgcagcttgtaagttatttcccttcatctgtttcaaatg 

tt 
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ABSTRACT Interaction between vascular cell adhesion 
molecule 1 (VCAM-1), which appears on the surface of endo- 
thelial cells in response to inflammation, and its integrin 
counter receptor, a401, on immune cells is responsible for 
targeting these immune cells to cytokine-stimulated endothe- 
lium. In addition to its role in the immune system, VCAM-1 is 
also expressed in a developmentally specific pattern on differ- 
entiating skeletal muscle, where it mediates cell-cell interac- 
tions important for myogenesis through interaction with a401. 
In contrast to endothelium, there is high basal expression of 
VCAM-1 in skeletal muscle cells and the expression is not 
cytokine-responsive. Here, we examine the molecular basis for 
these contrasting patterns of expression in muscle and endo- 
thelium, using VCAM-1 promoter constructs in a series of 
transfection assays. In endothelial cells, octamer binding sites 
act as silencers, that prevent VCAM-1 expression in unstimu- 
lated cells. Tumor necrosis factor a overcomes the negative 
effects of these octamers and activates the promoter through 
two adjacent NF-kB binding sites. In muscle cells, a position- 
specific enhancer located between bp -21 and -5 overrides the 
effect of other promoter elements, resulting in constitutive 
VCAM-1 expression. A nuclear protein binds the position- 
specific enhancer in muscle but not endothelial cells; thus the 
pattern of expression of this protein could control enhancer 
activity. 



Vascular cell adhesion molecule 1 (VCAM-1) is a member of 
the immunoglobulin gene superfamily that is expressed on the 
surface of endothelial cells in response to inflammation (1-3). 
Through its interaction with the integrin receptor a4/31 (4)— 
and also perhaps a407 (5)— on T cells, monocytes, and 
eosinophils, VCAM-1 targets these immune cells to cytokine- 
stimulated endothelium (1, 6-12). VCAM-1 and a4/31 mediate 
cell-cell interactions which are important for skeletal muscle 
differentiation (13). 

In contrast to endothelial cells, where VCAM-1 expression 
is dependent upon cytokines (14), we show that there is high 
basal expression of VCAM-1 on muscle cells and that this 
expression is not affected by cytokines. To investigate the 
basis for these contrasting patterns of expression, the activity 
of VCAM-1 gene promoter constructs was examined in the 
two cell types. In endothelial cells, "octamer-like" motifs in 
the promoter act as silencers to prevent VCAM-1 expression 
in unstimulated cells, and tumor necrosis factor a (TNF) 
overcomes the negative effects of these octamers by activat- 
ing the promoter through two adjacent NF-kB binding sites. 
However, in muscle cells, an element 3' of the TATA box 
overrides the activity of other promoter elements, resulting in 
constitutive VCAM-1 expression. This element is position- 
dependent and we present evidence that its activity is con- 
trolled by the distribution of its nuclear binding protein. 



The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. §1734 solely to indicate this fact. 



MATERIALS AND METHODS 

Cell Culture and DNA Transfection. Human umbilical vein 
endothelial cells (HUVECs) (14), C2C12 mouse myoblasts 

(15) , Raji Burkitt lymphoma cells (16), and P19 embryonic 
carcinoma cells (17) (differentiated with retinoic acid) were 
grown as described. 

Approximately 1-5 x 10 6 cells were transfected by a 
calcium phosphate technique (14) with 18 y% of reporter 
plasmid and 2 /ig of pRSV/L, which contains the Rous 
sarcoma virus long terminal repeat fused to the firefly lu- 
ciferase gene. Luciferase assays were done as described (16). 
Raji cells were transfected by electroporation as described 

(16) . Protein extracts were made 36 hr after transfection and 
chloramphenicol acetyltransferase (CAT) activity was deter- 
mined (18). Approximately 20 /ig of protein from HUVECs, 
100 fi% from C2C12 cells, 400 /ig from Raji cells, and 200 ^g 
from differentiated P19 cells were used for CAT assays and 
reactions were allowed to proceed for 3-5 hr. Acetylation of 
[ 14 C]chloramphenicol was quantified by thin-layer chroma- 
tography followed by scintillation counting. 

Immunofluorescence. Immunofluorescent staining for 
VCAM-1 was done as described (13). VCAM-1 was detected 
on HUVECs with the monoclonal antibody BB5 (R&D 
Systems, Minneapolis) and on C2C12 cells with the mono- 
clonal antibody M/K-l (19). 

RNA Analysis. Poly(A) + RNA was isolated by using the 
Micro-FastTrack system (Invitrogen, San Diego), and North- 
ern blot analysis to detect VCAM-1 and glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) mRNAs was done as 
described (13). 

Plasmid Construction. VCAM-1 promoter constructs (14), 
the minimal promoter construct pTA-CAT (20), and the 
minimal promoter construct containing two VCAM-1 NF-kB 
sites, pTA(-77/-63)CAT (14), have been described. 
pTA(-77/-63)(-1554)CAT was constructed by cloning an- 
nealed oligonucleotides containing the octamer at bp -1554 
(underlined) and the two NF-kB sites at bp -77 and -63 
(bold), V-ftgc tTAfiTfiAATTTACA TGATGATGAagatct- 
TGCCCTGGGTTTCCCCTTGAAGGGATTTCCCTC- 
CGCCa-3', into the ifmdlll site (terminal nucleotides shown 
in lowercase type were added to create ffmdlll sites). 

pSVCAT (pCAT control, Prom'ega) contains the simian 
virus 40 (S V40) early promoter and enhancer driving the CAT 
reporter gene. pSV(-1554)CAT was created by cloning an- 
nealed oligonucleotides containing the octamer at bp -1554, 
5 ' -gatctGTAGTGAATTTA CATG ATGATGA-3 1 (nucleo- 
tides in lowercase type were added to create II sites), into 



Abbreviations: VCAM-1, vascular cell adhesion molecule 1; CAT, 
chloramphenicol acetyltransferase; TNF, tumor necrosis factor a; 
HUVEC, human umbilical vein endothelial cell; GAPDH, glyceral- 
dehyde-3-phosphate dehydrogenase; SV40, simian virus 40; ATF, 
activating transcription factor. 

♦To whom reprint requests should be addressed at: Box 8052, 
Washington University School of Medicine, 660 South Euclid 
Avenue, St. Louis, MO 63110. 
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the Bgl n site of pSVCAT. In pSV(-1554)CAT-M the G and 
TAC in italics are mutated to T and ATT, respectively. 

pT A- ATF-C AT contains an activating-transcription-factor 
(ATF) binding site cloned into the minimal promoter con* 
struct pTA-CAT (20). pTA-ATF(-1554)CAT was created by 
cloning annealed oligonucleotides containing the octamer at 
bp -1554 (with Hindlll sites on both ends) into the HindUi 
site of pTA-ATF-CAT. pT A- ATF(IgH)C AT was constructed 
by cloning the octamer binding site from the immunoglobulin 
heavy-chain gene [5 '-agcttG AG AAT ATGCAAATCAAT- 
TGa-3' (21); lowercase letters correspond to nucleotides 
added to facilitate cloning into a HindUi site] into the Hindlll 
site of pTA-ATF-CAT. 

pTA-FN-CAT contains fibronectin gene promoter se- 
quences between bp -36 and +8 (20). Annealed oligonucle- 
otides containing the position-specific enhancer [bp -23 
(Xba I) to -1 (Hindlll) of the VCAM-1 gene] were cloned 
into a multiple cloning site immediately upstream of the 
TATA box in pTA-FN-CAT. 

Gel Retardation Assays. Nuclear protein extracts were 
prepared and gel retardation assays were done as described 
(14). The probe for the position-specific enhancer spanned bp 
-23 to +11 of the VCAM-1 gene. Probes for the octamers 
correspond to the double-stranded oligonucleotides used in 
plasmid construction described above. The ATF probe was 
described previously (22). 

RESULTS 

Contrasting Patterns of VCAM-1 Expression in Endothelial 
Cells and Muscle Ceils. VCAM-1 expression in HUVECs is 
dependent upon cytokines such as TNF (Fig. 1 A and ref. 14). 
However, there is high basal expression in the C2C12 myo- 
blast cell tine and TNF has no stimulatory effect (Fig. IB). 
Previously, we found that VCAM-1 expression in endothelial 
cells is controlled at the level of transcription: silencers 
prevent expression in unstimulated cells, and TNF activates 
the promoter through NF-kB sites (14). In C2C12 cells, the 
level of VCAM-1 mRN A parallels that of VCAM-1 protein 
(Fig. 1C), indicating that expression of VCAM-1 in C2C12 
cells could also be controlled at the level of transcription. 

To examine the basis for these patterns of expression, we 
initiated a series of transfectton assays with different 
VCAM-1 gene promoter constructs, using HUVECs as a 
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Fig. 1. VCAM-1 expression is dependent upon TNF in endo- 
thelial cells but is constitutive in muscle cells. Where indicated (+ 
and -), TNF was added at 10 ng/ml for 8 hr. (A) HUVECs were 
stained with the monoclonal antibody BB5 and visualized with 
fluorescent microscopy. (B) C2C12 cells were stained in the same 
fashion, but antibody M/K-l was used to detect VCAM-1. (C) 
Northern blot of 5 fig of C2C12 RNA. Positions of 28S and 18S/RNA 
are shown. Hybridization with GAPDH cDNA (Lower) was used to 
control for the amount of RNA loaded. 



model of endothelial cells and C2C12 cells as a model of 
skeletal muscle cells. 

Octamers Prevent Expression of VCAM-1 on Unstimulated 
Endothelial Cells. Previously, we found that the activity of 
VCAM-1 gene promoter constructs containing either 2.1 or 
1.6 kb of VCAM-1 gene 5' flanking sequence was not above 
background in unstimulated HUVECs (14). However, TNF 
activated the promoter, and this was mediated through two 
adjacent NF-kB sites at bp -63 and -77. Consecutive 
deletion in the VCAM-1 promoter from kb -1.6 to bp -933 
and then to bp -288 caused a progressive increase in pro- 
moter activity, suggesting that silencers were being sequen- 
tially removed (Fig. 2 and ref. 14). Originally, we identified 
three octamers in this region (at bp -1154, -1180, and -733) 
(14); however, there are at least 10 other sites in this region 
that show similarity to octamers. 

Binding of protein to the VCAM-1 gene octamer at bp 
-1554 was compared with binding to a known octamer from 
the immunoglobulin heavy-chain gene (IgH) (Fig. 3A). Both 
octamers showed two protein complexes, but the more 
rapidly migrating complex was generally less abundant with 
the IgH octamer. The IgH octamer competed effectively for 
binding to the VCAM-1 gene octamer. However, the 
VCAM-1 gene octamer was only partially effective in com- 
peting for binding to the IgH octamer, suggesting that the IgH 
octamer may be a higher-affinity binding site or may bind 
proteins in addition to those bound by the VCAM-1 gene 
octamer. Mutation of 4 bp in the -1554 octamer, which 
prevents function (Fig. 3£), eliminated its ability to compete 
for binding of protein to octamers (Fig. 3A). 

We tested the effect of individual VCAM-1 gene octamers 
as silencers on heterologous promoters. Octamers at bp 
-1180 and -1554 inhibited the activity of both a simple 
promoter containing only a TATA box and an ATF site and 
a relatively complex promoter containing the SV40 early gene 
promoter/enhancer (Fig. 3 B and C). These results confirm 
that VCAM-1 octamers are silencers in HUVECs. 

To determine whether this inhibitory effect of the VCAM-1 
gene octamers also; occurred with other octamers, we tested 
the effect of the well-characterized IgH octamer on promoter 
activity in HUVECs (Fig. 3B). The IgH octamer was also an 
efficient silencer, suggesting that HUVECs contain a com- 
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Fig. 2. Activity of VCAM-1 promoter constructs in HUVECs 
and C2C12 cells. Numbers in the name indicate the amount of 
VCAM-1 gene 5' flanking region in each construct. Results are an 
average of duplicate samples from at least four separate experiments. 
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Fig. 3 . Role of octamers in controlling VCAM-1 expression. (A) Gel retardation assay comparing binding of HUVEC proteins to the VCAM-1 
gene octamer at bp -1554 and a control octamer from the immunoglobulin heavy-chain gene (IgH). Specific complexes (a and b) are indicated. 
Numbers indicate the molar excess of unlabeled competitor. -1554M is an inactive mutant octamer (see B). {B) Octamer activity is cell 
type-specific. pTA-ATF-CAT is a simple promoter construct containing a TATA box and an ATF site driving the CAT gene. Octamers at bp 
-1180 and -1554 and the IgH octamer were cloned upstream of the ATF site in this construct to create pTA-ATF(-1180)CAT, 
pTA-ATF(-1554)CAT, and pTA-ATF(IgH)CAT. Octamers at positions -1180 and -1554 were cloned into pSVCAT to create pSV(-1180)CAT 
and pSV(-1554)CAT. pSV(-1554)CAT-M contains the mutant -1554 octamer. The octamer at position -1554 was cloned into pTA(-77/ 
-63)CAT, which contains the VCAM-1 gene NF-kB sites upstream of the SV40 early-gene minimal promoter, to create pTA(-77/ 
-63)(-1554)CAT. Constructs were transfected into HUVECs, retinoic acid-differentiated P19 cells, and Raji cells. 



plement of octamer-binding proteins that direct octamers to 
act as silencers. 

The octamers were not silencers in the context of either the 
ATF or the SV40 promoter construct in the retinoic acid- 
differentiated embryonic carcinoma cell line P19 or in Raji B 
cells (Fig. 3B). Octamers have been shown previously to be 
transcriptional silencers in undifferentiated P19 cells, but this 
activity is lost upon differentiation (23). Our results then 
provide further evidence that the activity of octamers is cell 
type-specific. 

We found that octamers did not prevent TNF-responsive- 
ness of NF-kB sites. The octamer at bp -1554 was cloned 
upstream of the NF-kB sites in pTA(-77/-63)CAT to create 
pTA(-77/-63)(-1554)CAT, and the effect of the octamer 
was tested in transfection assays in HUVECs. Inclusion of 
the octamer did not prevent TNF responsiveness (Fig. 3B). 
However, in addition to conveying TNF responsiveness, the 
NF-kB sites also increased basal activity of the minimal 
promoter [compare the basal activity of pTA(-77/-63)CAT 
with that of the parent construct, pTA-CAT, in Fig. 3B]. The 
octamer decreased the basal activity to background. Treat- 
ment with TNF had no effect on the octamer activity, nor did 



it affect the interactions of octamers with proteins (data not 
shown). The combination of NF-kB sites and the; 'octamer in 
pTA(-77/-63)(-1554)CAT seems to mimic the whole 
VCAM-1 promoter in endothelial cells: activity is not above 
background until cells are treated with TNF. We propose that 
the octamers serve to prevent VCAM-1 expression in un- 
stimulated endothelial cells, whereas the NF-kB sites are 
responsible for activating the gene in response to inflamma- 
tory cytokines. 

A Position-Spedflc Enhancer Causes Constitutive VCAM-1 
Expression In Muscle Cells. In contrast to HUVECs, the 
VCAM-1 promoter had a high level of basal expression in 
C2C12 cells, and TNF had no effect on promoter activity 
(Fig. 2). A series of 5' deletion mutants were transfected into 
C2C12 cells to determine what sequence was important for 
this pattern of expression. Surprisingly, deletion all the way 
to bp -32 had little effect on promoter activity, suggesting 
that an element 3' of the TATA box is responsible. 

The lack of TNF responsiveness in C2C12 cells suggested 
that VCAM-1 gene NF-kB sites might not be responsive to 
TNF in muscle cells or that the activating element was 
overriding the effect of the NF-kB sites. To distinguish 
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Fig. 4. An clement 3' of the TATA box is responsible for constitutive VCAM-1 expression in muscle. (A) Diagrams of reporter plasmids. 
The filled circle represents the position-specific enhancer. (B) Localization of the position-specific enhancer. To more precisely localize the 
enhancer, VCAM-1 gene promoter sequences between positions -23 and +11 were systematically replaced with corresponding regions of the 
human fibronectin gene promoter, which does not contain the enhancer (note that the activity of pTA-FN-CAT, a minimal fibronectin promoter 
construct containing the region between bp -36 and +8, is not above background). Lines indicate the extent of each mutation. The activity 
of the mutants was tested in transfection assays in C2C12 cells. (C) Binding of nuclear protein correlates with activity of the position-specific 
enhancer. Binding of nuclear protein to the VCAM-1 promoter between bp -23 and +11 (see E) was compared for extracts from HUVECs and 
C2C12 cells in a get retardation assay (Right). As a control, nuclear extracts were compared for their ability to bind to an activating transcription 
factor (ATF) site (Left). Stars denote specific complexes, and "NS" denotes nonspecific complexes. "Competitor" indicates that unlabeled 
probe was included in the assay. Numbers give the molar excess of unlabeled probe. 



between these possibilities, the activity of the NF-kB sites 
was compared in the presence or absence of the element. In 
the absence of the element, the NF-kB sites were responsive 
to TNF (Fig. 4A) t suggesting that the element can override 
the activity of these sites. 

Deletions that remove the octamers had little effect on 
promoter activity in C2C12 cells (Fig. 2B), implying either 
that the octamers are not negative elements in C2C12 cells or 
that the activating element also overrides the effect of the 
octamers. In the absence of this element we found that the 
octamers did act as silencers in C2C12 cells. Therefore, this 
activating element also overrides the effect of the octamers in 
C2C12 cells. 

To localize the activating element, a series of mutations 
were made. Mutations were created by replacing VCAM-1 
gene promoter sequences between positions -32 and +12 
with corresponding sequences from the fibronectin gene 
promoter (24), which lacks the activating element (Fig. 4B). 

Mutation of VCAM-1 gene promoter sequences between 
positions -21 and -5 inhibited promoter activity, whereas 
mutation of sequences between positions +2 and +11 did not 
(Fig. 4B), suggesting that sequences between positions -21 
and —5 are necessary for activation. Three additional muta- 
tions within this region (positions -21 to -13, positions -14 
to -8, and positions -9 to -5) also inhibited promoter 
activity (Fig. 4B), indicating that the element(s) required for 
activation overlaps these three mutations. The mutation 
between positions +2 and +11 reproducibly stimulated CAT 
activity, suggesting that it could be removing an inhibitory 
element. However, since this region is 3' of the transcrip- 
tional start site (indicating that it is included in the VCAM- 
1-CAT mRNA), it is possible that the mutation increases 
mRNA stability. None of the mutations showed activity in 
HUVECs (data not shown). 

The region between positions -23 and -1 was cloned 
immediately 5' of the TATA box in pTA-FN-CAT. However, 
it had no effect on promoter activity in transfection assays 
into C2C12 cells (data not shown), suggesting that it, is a 
position-specific enhancer whose location 3' of the TATA 
box is necessary for function. 



Binding of a Nuclear Protein Correlates with Activity of the 
Position-Specific Enhancer. Protein extracts from HUVECs 
and C2C12 cells were examined for binding to the position- 
specific enhancer. A specific complex was apparent with 
extracts from C2C12 cells, but not HUVECs (Fig. 4C). 
Mutations that inhibit function of the position-specific en* 
hancer prevented binding of the nuclear protein (data not 
shown). As a control, HUVEC and C2C12 extracts showed 
similar levels of binding to an ATF site— ATFs are ubiquitous 
and we have found similar levels of binding activity in most 
cell lines. We conclude that the pattern of nuclear protein 
binding controls the activity of the position-specific en- 
hancer. 

DISCUSSION 

We have examined mechanisms responsible for the contrast- 
ing patterns of VCAM-1 in endothelium and skeletal muscle 
(summarized in Table 1). Octamers prevent basaV*VCAM-l 
gene promoter activity in endothelial cells. TNF overcomes 
the effect of these octamers and activates transcription 
through two adjacent NF-kB sites. 

A number of transcription factors can bind to octamers and 
their activity has been found to vary in different cell types (25 , 
26). In support of such cell-type specificity, we found that 
octamers did not show inhibitory activity in B cells or in 
differentiated P19 cells. The transcriptional activity of oc- 
tamers changes when P19 cells are stimulated with retinoic 
acid to differentiate along a neuronal pathway: in undiffer- 

Table 1. Summary of VCAM-1 gene promoter element activity 
in endothelial and muscle cells 





Contribution of specific elements 


Net promoter 
activity 


Cell type 


Position- 
NF-kB sites specific 
Octamer (+ TNF) enhancer 


- TNF + TNF 


Endothelial 
Muscle 


i 1 1 o 

i tt ttt 


+ 

+ + 
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entiated cells they act as silencers, whereas this activity is 
lost upon differentiation (23). We have found that VCAM-1 
gene expression is activated upon differentiation of P19 cells, 
and this results at least in part from the fact that VCAM-1 
gene octamers lose their capacity to silence transcription as 
a result of differentiation (unpublished results). Thus, the role 
of octamers in the VCAM-1 gene promoter may extend 
beyond simply preventing VCAM-1 expression in unstimu- 
lated endothelial cells. 

Octamers and NF-rcB sites are functional in muscle cells, 
but an element V of the TATA box— which is active in muscle 
but not in endothelial cells— overrides their activity, resulting 
in constitutive activation of the VCAM-1 promoter. Activity 
of this element correlates with binding of a nuclear protein, 
suggesting that the protein could control activity. 

Not only is VCAM-1 expressed in contrasting patterns on 
endothelium and muscle, its expression on muscle is devel- 
opmentally specific: it is present on differentiating skeletal 
muscle but not on adult muscle fibers (13). Additionally, we 
have found that VCAM-1 is expressed in a number of other 
developing tissues (unpublished results). Thus, it is possible 
that this element controls the developmental pattern of 
VCAM-1 expression. 

The location of the position-specific enhancer between the 
TATA box and the transcriptional start site suggests that it 
could be an initiator element (Inr) which directs specific 
transcriptional initiation (27). In support of this possibility, 
the sequence from bp -6 to +2, 5'-CACTCCGC-3\ is similar 
to the Inr consensus, YAYTCYYY (Y is C or T), and a 
mutation over a portion of this region (bp -9 to -5) inhibited 
promoter activity. However, unlike Inr sequences, the 
VCAM-1 element controls tissue specificity. Furthermore, 
mutations that were clearly upstream of the Inr consensus (bp 
-23 to -13 and bp -14 to -8) were equally effective at 
blocking activity. This could indicate that an element imme- 
diately upstream of the Inr sequence is also important for 
activity. Conceivably, the combination of a second element 
with Inr could result in the tissue specificity. Alternatively, 
since the consensus sequence for Inr is not strict (see above), 
this region of the VCAM-1 promoter may not be important 
and the element may simply be a position-dependent en- 
hancer that is located immediately upstream of the Inr 
consensus. In support of this possibility, mutation of nucle- 
otides at -2 and -3, within the Inr consensus, did not inhibit 
promoter activity (data not shown). 
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Cooperative binding of TEF-1 to repeated GGAATG-related 
consensus elements with restricted spatial separation and 
orientation. 

Jiang SW, Desai D, Khan S, Eberhardt NL. 

Endocrine Research Unit, Department of Medicine, Mayo Clinic, Rochester, 
Minnesota 55905, USA. 

The human transcriptional enhancer factor (TEF) family includes TEF-1, 
TEF-3, TEF-4, and TEF-5. The TEFs share a highly conserved 68-amino 
acid TEA/ATTS DNA-binding domain, which binds to SV40 GT-IIC 
(GGAATG), SphI (AGTATG), Sphll (AGCATG), and muscle-specific M- 
CAT (GGTATG) enhansons. We determined the optimal DNA-binding 
consensus sequence for TEF-1. Using a purified GST-TEF-1 fusion protein 
and a random pool of synthetic oligonucleotides, 31 independent clones 
were obtained after six rounds of binding site selection. DNA sequences 
analysis revealed that 16 clones contained direct repeats with a 3-bp spacer 
(DR3), and 15 clones contained a single binding site. The predominate 
consensus half-site was GGAATG (67%), and the other elements were of 
the form G(A)GA(T/C)ATG. The TEF-1 bound to the DR3 as a dimer in a 
cooperative manner. Cooperative binding was dependent on the spacing and 
orientation of the half-sites and was inhibited by deoxycholate treatment, 
providing evidence that protein-protein interactions were involved. The data 
suggest that TEF dimerization is important for its ability to modulate gene 
transcription. 

PMID: 10975468 [PubMed - indexed for MEDLINE] 
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